Abstract In 2002, a comprehensive methodological review of the acne literature over 50 years revealed great variation in severity assessment and outcome measures. The authors suggested a number of possible methodological improvements, since such variation makes comparisons across the literature difficult and hampers the development of evidence-based medicine in the field. To investigate whether any improvement has been achieved, we evaluated the recent literature on topical and systemic therapeutic interventions. In 18 papers, published in 2011, we identified 25 ways of reporting changes in lesion counts and 25 ways of reporting changes in assessed grade. Fourteen grading systems were used to evaluate the therapeutic response. Only three studies reported data on quality of life. Our finding reveals a continued and substantial variation in severity assessment and outcome measurement in the acne literature.
Introduction
Globally, acne is a common skin disorder, affecting a majority of adolescents [1] [2] [3] [4] . Although acne typically starts in puberty, it often persists into adulthood [5] . It is associated with marked physical and psychological morbidity, and significantly affects the quality of life of people with the disease [6, 7•, 8••] . A variety of treatment options have been developed for acne, and are tailored to the severity and persistence of the disease. Over the last few decades, numerous clinical trials have been conducted to evaluate the efficacy and safety of such interventions, making acne therapy a highly studied area in dermatology. Study of the literature and current research reveals a continued strong interest in developing and evaluating treatments.
When evaluating therapeutic interventions, outcome measures are used to assess and classify the severity of the condition before the intervention, as well as the subsequent response to treatment. Outcome measures are, therefore, crucial tools to therapeutic research. Appropriate and uniform application of validated and reliable outcome measures minimizes methodological variation among clinical trials, making it possible to make meaningful comparisons across them. In short, the outcome measures make it possible to qualify changes in the course of a disease.
In 2002, a comprehensive methodological review of the acne literature over the last 50 years revealed great variation in outcome assessment [9] . In this review, Lehmann et al. [9] studied randomized controlled trials (RCTs), evaluating miscellaneous acne therapies in patients without any complicating comorbidity. Among the evaluated trials, the authors identified more than 25 methods of assessing acne severity, including lesion counting, comparison with a photographic standard, and comparison with a text description. Furthermore, the way in which severity had been reported was found to be inconsistent across the studies, and this inconsistency was not limited to severity assessment. Even when the same principle was used, outcome measures were reported in various ways-the authors identified 19 methods of reporting lesion counts. The variation in severity assessment and outcome measures in the acne literature, reported by Lehmann et al. [9] , outlined the difficulty of making meaningful comparisons among trials and emphasized the importance of using comparable outcome measures in future studies. In this review, we investigate whether any improvement has been achieved in the recent literature.
Method
A systematic electronic literature search was carried out in Medline, using a mixture of free text terms and medical subject headings, including acne vulgaris, therapy and randomized. We considered trials for inclusion if they were RCTs and if they aimed to investigate the clinical efficacy of any medical and/or topical therapy on acne. We included papers in English, published from January1, 2011, to December 31, 2011. We excluded studies if they were splitface comparisons, or if they did not include clinical efficacy as an endpoint or contain original data. To obtain homogeneity among the evaluated studies, we also excluded followup studies in which investigation of recurrence ratio was the main objective. Additionally, to conduct a comparable evaluation to Lehmann and colleagues' study [9] , we excluded studies on patients with acne conglobata, acne fulminans, chloracne, rosacea, acne venenata, acne necrotica, or any complicating comorbidity such as an endocrine disease.
Eighteen papers evaluating various treatment options were identified. These were then carefully studied and methodological data concerning severity assessment and outcome measures were extracted for further analysis.
Results
The 18 papers that met the inclusion and exclusion criteria [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] were published across 14 journals, and each represented one RCT, making the number of reviewed RCTs 18. Half of the trials (50 %) were conducted in US or European countries (including a study conducted in the United States, Canada, and Belize and a study in Europe, Mexico, and Australia); the remaining half were conducted in Asian countries.
The duration of the treatments studied varied from 4 weeks to 24 months, and in the majority of papers (67 %), no post-treatment data were reported. In the six papers reporting post-treatment data, the follow-up period varied from 4 weeks to 1 year.
The trials were distributed as five (28 %) in mild to moderate category, five (28 %) in moderate to severe category, four (22 %) in moderate category, one (6 %) in mild category, and none in severe category. One trial included participants with acne of any severity, and two did not use "mild moderate or severe" terminology to report the severity at the baseline.
The mean age and male-to-female ratio was reported in almost every trial (94 %). The location of acne was not reported in five trials (28 %), and, in about half of the cases (56 %), the authors did not report whether they had collected data on compliance.
Classification of Severity at the Baseline
The majority of the reviewed papers (89 %) used the terminology mild, moderate, or severe to report the severity of the disease; however, in one third of the studies, the number of lesions was not reported as an inclusion/exclusion criterion. Furthermore, the use of the terms mild, moderate, or severe was inconsistent across the studies, with several different grading systems being used to delineate the categories. For example, the mild to moderate category might be defined in one study as having 10 to 50 facial inflammatory lesions and 10 to 100 facial noninflammatory lesions, with no nodules or cysts, and in another as having less than 11 nodules. In 14 trials (78 %), the severity assessment was conducted according to nine different, acknowledged grading systems.
Outcome Measures
The following categories of outcome measures were identified: grading, lesion counting, participant evaluation, quality of life, biophysical measurements, bacterial examination, and recurrence (Fig. 1) . The evaluation of efficacy was based mainly on grading and lesion counting. All studies reported at least one of the two categories, and 72 % reported both. In 16 studies (89 %), outcome measures included grading, and lesion counting was reported in 15 studies (83 %).
We identified 25 ways of reporting changes in the 14 grading systems used (Table 1) . Of the methods used, six were global assessments based on the presence of dominant lesions and the extent of inflammation (eg, Investigator's Global Assessment). Five were severity scores based on mathematical formulas providing a total score by multiplying the number of each lesion by its severity index (eg, Acne Severity Index score). Three were classifications based on the number of distinct lesions (eg, Korean Acne Grading System). Furthermore, the studies were not necessarily consistent when referring to specific grading systems; that is, the same scale might be referred to by different names and abbreviations across the studies (eg, IGA, ISGA, EGSS) or different formulas used to calculate the same severity score (eg, Acne Severity Index score).
We identified 25 ways of reporting changes in lesion counts (Table 2 ). These included changes in the number of lesions, percentage change in number of lesions, and percentage of participants achieving a certain degree of change in the number of lesions.
None of the studies provided health economic outcomes. Only three trials reported data on patients' quality of life; however, each used a different instrument for that purpose. Of the three questionnaires used, one was dermatology specific (Skindex-16) and two were acne specific (Cardiff Acne Disability Index and Acne-Specific Quality of Life Questionnaire).
Conclusion
The seminal review by Lehmann et al. [9] reveals great variation in severity assessment and outcome measures in the acne literature from 1948 to 1999. The authors suggested a number of possible methodological improvements, since such variation makes comparisons across the literature difficult and hampers the development of evidence-based medicine in the field. To investigate whether any improvement has, in fact, been achieved, we evaluated the recent literature on topical and systemic therapeutic interventions. We studied English-language papers published in 2011 that reported results from RCTs on therapeutic interventions for acne vulgaris. Similar to the findings of Lehmann et al. [9] , we found great variation among the trials in severity assessment and outcome measures. In 18 trials, we identified nine grading systems used to assess acne severity at the baseline. Furthermore, we identified 25 ways of reporting changes in lesion counts and 25 ways of reporting changes in grading, with the latter representing 14 grading systems. Data on economic outcomes were not reported in any study, and only three papers reported data on quality of life; however, each used a different instrument for that purpose.
The lack of homogeneity in acne outcome measures has also been addressed elsewhere. In a Cochrane review evaluating the effect of minocycline, the authors identified 50 outcomes in 26 studies; accordingly, they concluded that data pooling would not be appropriate [28] . The lack of standardized outcome measures was also an issue in a Cochrane review evaluating the efficacy of oral contraceptives in acne [29] . IGA of treatment 1 6
a Slightly different formulas were used to calculate ASI and Michaelson's acne severity score.
Fig. 1 Distribution of outcome measures
There is no single standardized method to evaluate therapeutic interventions for acne. Lesion counting and grading represent two major categories of outcome measures used in clinical trials. Lesion counting is an objective measure used since the 1960s [30] . It enables investigators to measure small changes in therapeutic response, and, in the case of targeted products that only affect a distinct lesion (eg, comedones), it makes it possible to evaluate the efficacy of the treatment better than general compounded scores. However, lesion counting has limitations because of its lack of evaluation of quantitative variables such as the degree of inflammation and the size of lesions. The use of lesion counting alone does not, therefore, provide adequate information on the severity of the disease. Yet the extent of involvement and degree of inflammation can be expressed by physician's global assessment, a subjective measure that is not necessarily sensitive to therapeutic response of individual lesions.
A number of global assessment methods have been described, some containing multiple variables. A study investigating the reliability of global assessment and lesion counting in a group of 11 dermatologists demonstrated good intra-rater reliability (ICC≥0.75) in lesion counting but somewhat less so in global assessment [31] . Combining the two outcome categories may, however, provide a more balanced approach toward the evaluation of acne severity than is currently available.
Since the mid-90s, approval of new products by the US Food and Drug Administration (FDA) has been based on statistically significant superiority in two lesion counts (total lesion counts and either inflammatory or noninflammatory lesion counts) and in physician's global assessment [32] . In 2005, the FDA prepared guidance to the pharmaceutical industry on the development of products for the treatment of acne vulgaris [33] . In this nonfinalized draft document made available by the FDA, baseline acne severity was referred to as a key element of the enrollment criteria and the use of co-primary endpoints that evaluate physician's global assessment, as well as lesion counts, was recommended. It was also recommended that the physician's global assessment be a qualitative evaluation of overall acne severity, and use of an ordinal scale was preferred with approximately five or six severity grades, one of which is "completely clear." Additionally, it was recommended that the outcome of physician's global assessment be reported as "success" or "failure," where success was defined as "clear" (grade 0) or "almost clear" (grade 1) or as improvement of two grades from the baseline score.
A closer look at the evaluated trials reveals that six papers reported changes in at least two acne lesion counts as well as proportion of "success," according to the FDA recommendations. Interestingly, all three RCTs, conducted in the United States, met the aforementioned recommendations, suggesting that recommendations may lead to the use of more comparable outcome measures.
Only three trials reported changes in quality of life, and each used a different instrument. In contrast, in a comparable study of psoriasis treatment, quality of life measures were shown to have been used increasingly often [34] . Although combining lesion counting and physician's global assessment provides a more balanced approach to evaluation of therapeutic interventions, quality of life measures would add valuable information on efficacy. In a study investigating the association of demographic factors with clinical severity and quality of life impact, the authors demonstrated that clinical grading and quality of life measures each differentiate distinct groups of acne patients most severely affected by acne [35•] . Percentage of subjects achieving a≥75 % reduction in inflammatory lesion count 1 6
Percentage of subjects achieving a≥75 % reduction in noninflammatory lesion count 1 6
Percentage of subjects achieving a≥50 % reduction in inflammatory lesion count
Percentage of subjects achieving a≥50 % reduction in noninflammatory lesion count 1 6 Percentage of subjects achieving a≥50 % reduction in total lesion count 1 6
Percentage of subjects achieving a 50-74 % reduction in inflammatory lesion count 1 6 Percentage of subjects achieving a 25-49 % reduction in inflammatory lesion count 1 6 Percentage of subjects achieving a<25 % reduction in inflammatory lesion count 1 6 Time to achieve a≥50 % reduction in total lesion count 2 1 1
Number of subjects achieving a≥80 % reduction in total number of lesion counts 1 6 Number of subjects achieving a 50-80 % reduction in total number of lesion counts 1 6 Number of subjects achieving a≤50 % reduction in total number of lesion counts 1 6 Reporting outcomes of acne treatment is apparently difficult, even though Lehman et al. [9] indicated important areas where methodological improvements were possible and necessary. In this review, we have identified a continued and substantial variation in severity assessment and outcome measurement 12 years later. Our findings emphasize the importance of using comparable outcome measures in future studies. The great variation among the trials, conducted outside the United States, illustrates the importance of recommendations and guidelines on standardization. A future international agreement recommending the use of standardized, validated, and reliable outcome measures would permit performance of meaningful comparisons across the studies, which will provide a strong foundation for both evidencebased medicine and decision making in everyday practice.
